FACTORS FOR CONVERTING ENGLISH UNITS TO INTERNATIONAL SYSTEM (SI) UNITS
The following factors may be used to convert the English units published herein to the International System of Units (Sl): Adequate regulatory, planning, and design activities along rivers and streams depend upon the ability to define the magnitude and frequency of floods that are apt to occur. The purpose of this manual is to present and illustrate a method for estimating flood discharges at ungaged sites on natural flowing streams in the 1 State of Indiana. The method may also be applied to compute peak-discharge frequency curves at gaged sites where an insufficient number of flood peaks have been observed.
Flood discharges at gaged sites where an adequate number of flood peaks have been observed are shown in table 6. Values from the station frequency curves, in general, are the most reliable estimators of future floods at those sites.
The log-Pearson Type III distribution function, which was used to fit log-probability frequency curves to observed peak discharges at the gaging stations, is described in the report. Frequency-discharge data, watershed characteristics, and other pertinent data are tabulated in tables 6 and 7 for each of the 149 gaging stations used in the study.
Relations from this study are better defined than those from previous studies because of the improvement in techniques of regional analyses and the expansion of the flood-peak data base. Data deficiencies are identified, and needs for further studies are included in the summary.
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BASIC DATA PEAK-DISCHARGE DATA Peak discharges from 149 gaging stations in Indiana having at least 10 years of record were used as the basic data from which the floodfrequency relations in this manual were developed. Locations of these gaging stations are shown in figure 1, and the geographic coordinates for each station are listed in table 6. Annual peak discharges through the 1971 water year were used in the analysis of the flood data. Annual peaks that were affected by regulation were omitted based on the criteria that if 25 percent or more of the drainage area at a gage was above a reservoir, flood peaks at that gage were considered to be affected.
In accordance with recommendations of the U.S. Water Resources Council, Hydrology Committee (1967) , the log-Pearson Type III distribution function was used to fit observed data to log-probability frequency curves. This distribution is defined by three statistical parameters in equation form:
Log Q=M +KS, where M is the mean of the logs of the annual peaks at a gaging station, K is a function of the skew of the computed frequency curve, and S is the standard deviation about the mean of the logs. The log-Pearson Type III computation and frequency plot was done by computer for each gaging station. The computer operation is performed in the following manner : 
The mean of the logarithms is computed
M=~x. Resources Council, Hydrology Committee, 1967.) K is taken from tables that relate computed values of g to selected recurrence intervals. 6. The antHog of log Q is computed to get the flood discharge of Q.
FLOOD-FREQUENCY CURVES
The flood-frequency curves for the individual gaging stations are then obtained by plotting the discharges computed from equation (1) for the selected recurrence intervals on log-probability coordinates. The actual curve is a continuous line that averages the plotted discharges.
The frequency curve at a gaging station is used to determine floods of specific recurrence intervals or probabilities, such as the 50-year flood or its equivalent, the 0.02 probability. At stations where one or more floods of a rare frequency have been observed, the computed frequency curve may not conform to the array of observed peak~s. This is the so-called outlier problem. At stations where this problem occurred, the outlier was removed and the frequency curve was recomputed. The outlier was assigned a realistic recurrence interval based on historical data at the site or nearby sites and plotted on the recomputed curve, and the curve was adjusted, if necessary, by graphical inspection.
Extension and definition of the station frequency curves were based on the following minim urn years of record needed to define floods of selected recurrence interval:
Years
Re~currence interval ---------10 25 50 100 Minimum length of record _ __ 10 15 20 25
The recurrence interval is the average interval of time in which the given flood (50-year in this case) will be exceeded once. However, a flood of this magnitude could occur in consecutive years. The relationship of recurrence interval to probability is shown in table 1. The table shows that there is a 40 percent probability that a flood greater than a 50-year flood could occur in any 25-year period.
The probability that a 50-year flood will be exceeded in the next 10 years is computed by:
P= 1-(1-1/t) 11 where n=10, t=50 1 These probabilities are less than 1, but for all practical purposes may be taken as unity.
REGIONAL ANALYSIS
Because streamflow records are not available at most sites where information is needed, data from gaging stations must be interpreted and applied to these sites. Since flood-frequency data at individual gaging stations have very limited transfer capability, estimates of flood characteristics at ungaged sites should be based on a regional analysis of gage data. A regional analysis has the advantage of developing floodfrequency relations that are applicable to an entire region, rather than to a single station, by considering records for all stations in a region.
The watershed characteristics that produce floods are analyzed, and relations that define flood characteristics are then developed and may be applied to ungaged sites. In this study it was found that flood characteristics of most streams in Indiana are highly related to differences in hydrology of the three general physiographic regions of the State. In addition to drainage area and precipitation, specific geomorphic parameters such as drainage density and relief are the dominant factors that influence floods on small streams. On large streams, the geomorphic factors are less pronounced because of the integrated effect of drainage from many small streams with dissimilar geomorphology. Floods on the large streams are more influenced by channel control, and factors such as channel slope and length are dominant factors.
In addition to the physical characteristics, climatic variations influence flood characteristics. The total amount of precipitation, when adjusted for evapotranspiration and snowmelt, was found to be very significant in explaining differences in flood characteristics of large 3 areas. Rainfall intensity, when combined with soil permeability, was found to be more important in producing floods from small areas.
MULTIPLE-REGRESSION METHOD
Flood-frequency analysis by the multipleregression method identified the most significant watershed and climatic factors that produce floods. A fre,quency curve for each gaging station having at least 10 years of record was developed by using the log-Pearson Type III distribution function, and discharges corresponding to the 2-, 5-, 10-, 25-, 50-, and 100-year recurrence intervals were compiled for each station. Each set of discharges was then regressed against various watershed and climatic variables using the model : The model relates flood discharges of a specified frequency of occurrence to physical and climatic parameters. The independent variables (A, B._ .D) in the model are not the only ones that influence flood peaks in Indiana; however, in this study they were found to be the most effective in estimating peak flows with the smallest standard error and the least number of variables.
The flood data used in the regression model were from natural flowing streams. In addition to removing periods of regulation from the station records, some stations were omitted from the regression analyses because of effects of urbanization and size of drainage area (stations with drainage areas less than 15 mi 2 (38.8 km 2 ) were excluded). Only independent variables that could be contained in the report or dete~r mined from available maps were considered. The log-Pearson frequency discharges are shown in table 6 for each station according to the minimum length of record for selected recurrence intervals (see page 2). Corre1sponding discharge values computed from the regional equations presented in this manual are shown up to the 100-year recurrence interval.
WATERSHED CHARACTERISTICS
The watershed and climatic variables in the regression equations in this manual may be determined from standard 71J2-minute series U.S. Geological Survey topographic maps and from included maps and graphs. Because an insufficient record of peak discharges is available from gaging stations on small streams, the equations should not be applied to watersheds smaller than 15 mP (38.8 km 2 ). The following watershed and climatic variables were found to be significant in the regression models: Channel length (L) . (Purdue University, 1959) with dividers spaced at 0.25 mile (0.40 km). It is a geomorphic parameter that is related to the physiography of a region. Figure 2 shows the three general physiographic regions of Indiana and the principal watershed divides in the State. Drainage densities measured for small watersheds in this study relate closely to drainage areas within the different physiographic regions as shown in figure 3 . Because measurement of drainage density from the county maps is a rather tedious procedure, figures 2 and 3 are provided for estimating drainage densities for ungaged sites. Actual variation of measured drainage densities from the maps to those interpolated from the curves in figure 3 is 28 percent. To obtain design di,scharges, drainage density should be measured from the county drainage maps.
P1·edpitation index (Pi) .-The areal variation in average annual excess precipitation, in inches, which is the mean annual precipitation minus the sum of average annual evapotranspiration and mean annual snowfall (water equivalent). This is the average annual amount of precipitation that is available for runoff. Snowfall is removed from the annual total because in flat terrain typical of Indiana, snowmelt is usually slow, resulting in low peak discharges. It may be determined from figure 4. The lines of equal average annual excess precipitation are based on data furnished by the National Weather Service. Where a stream crosses a line of equal precipitation, a weighted average should be estimated and rounded to the nearest one-half inch. 
Soil runoff coefficient (Rc

REGRESSION MODELS
The best models for estimating flood discharges in Indiana were developed by using the combination of drainage area and watershed shape as an index to determine which factors have the most influence on flood peaks for each watershed. Generally, for streams that drain areas less than 100 mi 2 (259 km 2 ), the shape factor (f) is less than 2.0 and drainage area, watershed relief, drainage density, and soil runoff coefficient were the most important factors. For streams draining more than 200 mi 2 (518 km 2 ) ( / ) is greater than 2.0, and drainage area, channel slope, channel length, and the precipitation index were the factors that had the most influence on flood characteristics. For streams draining between 100 and 200 mi 2 (259 and 518 km 2 ) , if (/) was greater than 2.0, factors for the large streams applied. If (/) was less than 2.0, factors for the small streams applied. Hydrologic soil group boundary FIGURE 5.-Major hydrologic soil groups. Based on data by the Agronomy Department, Purdue University, and the U.S. Soil Conservation Service.
MAIN-STEM STREAMS
Model 4 was developed for the Wabash and White Rivers using the watershed factors: drainage area, channel slope, and stream length. The precipitation index was not found to be significant. The model is of the form:
where
Qt is a peak discharge with a recurrence interval of t-years, b is the regression constant, A is the drainage area (mi
Sis the channel slope (ft/mi), Lis the stream length (mi),
x, y, and z are the regression coefficients.
This equation should be used to estimate regional flood-frequency discharges on the Wabash and White Rivers:
Total length to watershed divide ..,._____ is 527 miles (848 km)
1. Wabash River-from Wabash to the mouth. 2. White River-from Indianapolis to the mouth.
East Fork White River-from Columbus to the mouth.
Computed values from model 4 compare closely with the t-year discharges from frequency curves for stations on these rivers (see table 6), and t-year peaks computed from model 4 for points between the gaging stations on these streams should be used. Figures 6--8 show t-year peak discharges versus distance for these streams.
Model 4 should not be used on the Wabash River above Montezuma, because of the effects of the flood-control reservoirs that have been developed since 1968. Graphic solutions for the regression equations for models 1, 2, and 3 are shown in figures 11 to 28. Figure 9 shows the standard error that can be expected from computing t-year discharges from the regression models. Generally this error means that for about 67 percent of the estimates, the difference between computed and observed discharges are within plus or minus one standard error of estimate. It is an approximate measure of the accuracy of the discharges computed using the regression equations. Users of this manual should recognize from figure 9 that model 3 does not provide estimates as reliable as models 1 or 2. (.!) a:: Plotting the discharges on log-probability coordinates, figure 10, the 1970 flood has an expected recurrence interval of 25 years.
What is the probability that this discharge will be exceeded in the next 12 years? From the laws of probability, P, of a peak flow to be exceeded in n years is:
Pn=1-(1-1/t)n Solving for P: P 12 =1-(1-1/25) 12 =1-(0.96) 12 = 39 percent.
Example 5.-Using the probability equation and figure 10, compute the magnitude of a flood on South Hogan Creek at Dillsboro that has a 10-percent p~obability of being exceeded in the next 10 years. P n=0.10 and n = 10 years 0.10 = 1-(1-1/t)n 1-1/t = 0.989 1/t = 0.011 t = 90 years And from figure 10, the discharge corresponding to a recurrence interval of 90 years is 19,000 ft 3 /s. Relations in this manual should not be aPplied to streams affected by regulation or urbanization, nor to streams that drain less than 15 mi 2 (38.8 km 2 ) . A current project to obtain peak discharges for streams between 0.1 and 20 mi2 (0.25 and 50 km 2 ) will provide data for a future flood-frequency analysis for small streams. At present, however, sufficient data have not been collected at these sites to develop meaningful flood-frequency relationships.
Flood-peak data are also deficient in the areas of urbanized streams and streams affected by flood-control reservoirs. Future studies are needed to define flood-frequency relationships for these streams.
SUMMARY
The maps, equations, tables, and graphs presented in this manual provide a means of estimating flood-frequency analysis. The watershed characteristics presented in the regression equations are not the only factors that influence floods in Indiana; however, they represent the most effective combination found for explaining peak flows with the smallest standard error and the least number of variables.
The regression equations should be used only within the stated limits of application. Additional studies will be necessary in the future as flood data become available for regulated streams and streams affected by urbanization. Patterson, J. L., and Gamble, C. R., 1968 
-T-year peak discharges at gaging stations, in cubic feet per second
The upper numbers are values of Qt from individual station frequency curves. The lower numbers &Ire values of Qt computed using regression equations.
Values of Qt from individual station frequency curves are shown according to the following minimum length of record at a gaging sta- 11,300 16,800 20,000 24,000 27,400 31,000 7,720 11,400 13,900 17,000 20,100 23,000 92,000 114,000 135,000 157,000 *03-3360.00 Wabash River at Covington, Ind. Lat 40°08'24", 51,000 76,000 long 87°24'20", in NE1,4NW14 sec. 35, T. 20 N., 54,600 80,400 98,300 124,000 145,000 168,000 R. 9 W ., on Fountain-Warren County line. 03-3395.00 Sugar Creek at Crawfordsville, Ind. Lat 40°02'56", 10,400 16,500 20,400 24,700 28,000 31,500 long 86°53'58", in SW1,4NW1,4 sec. 32, T. 19 N., 9,610 14,600 17,900 22,400 26,000 30,000 R. 4 W., Montgomery County. 03-3400.00 Sugar Creek near Byron, Ind. Lat 39°55'52", long 14,000 20,400 24,000 28,500 32,000 35,500 87°07'33", in NW1,4SW1,4 sec. 8, T. 17 N., R. 6 13,100 20f200 25,000 31,600 37,200 43,100 W., Parke County. R. 1 W., Brown County. *03-3-570.00 White River at Spencer, Ind. Lat 39°16'49" long 29,000 43,000 51,000 62,000 72,000 83,000 86°45'42", in NE1A,NE14 sec. 29, T. 10 N., R. 3 29,000 42,700 51,600 63,200 73,300 85,100 W., Owen County. 03-3575.00 Big Walnut Creek near Reelsville, Ind. Lat 39o 10,400 15,400 18,400 22,500 26,000 32'11", long 86°58'35", in NWlA,SW% sec. 28, 9,460 15,100 19,000 24,600 29,400 34,500
T. 13 N., R. 5 W., Putnam County. 03-3580.00 Mill Creek near Cataract, Ind. Lat 39°26'00", long 5,900 8,500 10,000 11,900 13,300 86°45'48", in NElA,SE% sec. 32, T. 12, N., R. 3 5,770 8,760 10,800 13,500 15,700 18,000 W., Owen County. 03-3590.00 Mill Creek near Manhattan, Ind. Lat 39°29'22", 4,300 5,800 6·,800 8,200 9,500 10,700 long 86°55'50", in SWlA,SE% sec. 11, T. 12 N., 6,750 10,400 12,900 16,400 19,400 22,500 R. 5 W ., Putnam County. 03-3595.00 Deer Greek near Putnamville, Ind. Lat 39°34'04", 5,800 8,000 9,600 11,900 long 86°52'00", in SWlA,NW% sec. 16, T. 13 N., 2,750 4,160 5,110 6,410 7,500 8,650 R. 4 W., Putnam County. 03-3600.00 Eel River at Bowling Green, Ind. Lat 39°23'02", 13,600 19,700 24,000 30,500 36,000 42,000 long 87°01'12", in NElA,NElA, sec. 24, T. 11 N., 19,000 29,700 37,100 47,500 56,200 65,700 R. 6 W ., Clay County. *03-3605.00 White River at NeiW'berry, Ind. Lat 38°55'42", long 36,000 53,000 64,000 78,000 90,000 103,000 87°01'00", in NElA,NElA, sec. 25, T. 6 N., R. 6 W., 37,300 54,800 66,300 81,200 94,100 109,000 Greene County. 03-3610.00 Big Blue River at Carthage, Ind. Lat 39°44'38", 4,100 6,200 7,800 9,900 11,700 long 85°34'33", in SWlA,SW% sec. 18, T. 15 N., 4,520 6,830 8,390 10,500 12,300 14,100 R. 9 E., Rush County. 03-3615.00 Big Blue River at Shelbyville, Ind. Lat 39°31'45", 7,800 11,000 13,000 15,600 17,500 19,300 long 85°46'5:5", in SElA,SE% sec. 31 T. 13 N., R.
9,000 13,900 17,300 22,000 .26,000 30,300 7 E., Shelby County. 03-3620.00 Youngs Creek near Edinburg, Ind. Lat 39°25'08", 4,000 6,600 8,200 10,300 11,800 13,100 long 86°00'18", in SElA,SW% sec. 5, T. 11 N., 3,340 5,000 6,160 7,650 8,970 10,200 R. 5 E., Johnson County. 03-3625.00 Sugar Creek near Edinburg, Ind. Lat 39°21'39'', 8,900 14,300 18,000 22,500 26,500 30,000 long 85°59'51", in SWlA,SE% sec. 29, T. 11 N., 9,930 15,500 19,500 25,100 29,900 35,000 R. 5 E., Johnson County. 03-3630.00 Driftwood River near Edinburg, Ind. Lat 39°20'21", 16,700 26,000 32,800 41,000 47,000 54,000 long 85°59'11", in NWlA,SW% sec. 4, T. 10 N., 21,500 33,000 40,700 51,400 60,100 69,600
03-3635.00 R. 5 E., Bartholomew County. Flatrock River at St. Paul, Ind. Lat 39°25'03", 6,800 11,400 14,600 18,300 21,500 24,600 long 85°38'03", in SE:IANE% sec. 9, T. 11 N., 8,130 12,900 16,300 21,000 25,100 29,500 R. 8 E., Shelby County. *03-3640.00 East Fork White River at Columbus, Ind. Lat 39° 26,000 39,000 47,000 59,000 69,000 79,000 12'00", long 85°55'32", in NE1,4NW14 sec. 25, T. 9 N ., R. 5 E., Bartholomew County.
25,000 36,400 43,400 53,600 61,400 70,400 03-3645.00 Clifty Creek at Hartsville, Ind. Lat 39° 16'25", long 4,000 6,700 8,200 10,600 12,500 85°42'10", in NW%NW% sec. 36, T. 10 N., R.
4,150 6,170 7,480 9,280 10,800 12,400 7 E., Bartholomew County. 20,800 03-3650.00 Sand Creek near Brewersville, Ind. Lat 39°05'03", 7,700 11,700 14,200 17,900 long 85°39'32", in NW%NE% sec. 5, T. 7 N., 8,010 12,700 16,200 20,800 25,000 29,200 R. 5 E., Jennings County. *03-3655.00 East Fork White River at Seymour, Ind. Lat 38° 30,000 49,000 59,000 74,000 85,000 98,000 58'57", long 85°53'57", in NW%NE% see. 7, T. 26,900 39,700 48,300 60,900 71,500 82,800 6 N ., R. 6 E., Jackson County 03-3660.00 Graham Creek near Vernon, Ind. Lat 38°55'47", 6,400 10,500 14,000 19,300 long 85°33'45", in NW%SE% sec. 30, T. 6 N., 5,890 9,150 11,400 14,600 17,400 20,300 R. 9 E., Jennings County. 03-3665.00 Muscatatuck River near Deputy, Ind. Lat 38°48'15", 15,500 22,500 28,000 35,500 42,500 long 85°40'26", in SW%NE% sec. 7, T. 4 N., 10,800 17,600 22,500 29,500 35,500 42,000 R. 8 E., Jefferson County.
54,000 03-3670.00 Muscatatuck River near Austin, Ind. Lat 38°46'13", 13,300 20,500 26,500 35,500 43,500 long 85°49'21", in NW%SE% sec. 23, T. 4 N., 11,600 18,800 23,900 31,400 38,000 44,900 R. 6 E., Scott County. 03-3680.00 Brush Creek near Nebraska, Ind. Lat 39°04'13", 2,000 2,600 3,000 3,460 long 85°29'10", in NW%NE% sec. 11, T. 7 N., R. 9 E., Jennings County. (Not included in regression analysis.) 03-3690.00 Vernon Fork near Butlersville, Ind. Lat 39°02'55", 6,800 10,400 13,400 18,000 22,000 27,000 long 85°32'40", in NW%SE% sec. 17, T. 7 N., 7,500 11,900 14,900 19,300 23,100 27,100 R. 9 E., Jennings County. 03-3695.00 Vernon Fork at Vernon, Ind. Lat 38°58'34", long 14,200 23,000 29,000 39,000 47,000 56,000 85°37'13", in NW%SE% sec. 10, T. 6 N., R. 8 8,580 13,400 17,800 23,400 28,200 33,300 E., Jennings County. *03-3715.00 East Fork White River near Bedford, Ind. Lat 38° 39,500 57,500 70,000 86,000 102,000 118,000 46'10", long 86°24'30", in SW%NE:JA, sec. 21, T. 34,700 51,100 61,900 76,700 89,200 104,000 4 N., R. 1 E., Lawrence County. 03-3716.00 South Fork Salt Creek at Kurtz, Ind. Lat 38°57'46", 3,760 5,000 5,700 long 86°12'12", in SW%SW% sec. 9, T. 6 N., 3,280 5,380 6,910 9,060 11,000 13,000 R. 3 E., Jackson CoUll!ty. 03-3716.50 North Fork Salt Creek at Nashville, Ind. Lat 39° 4,800 6,500 7,400 12'06", long 86°14'51", in NW%SW% sec. 19, T.
3,900 5,900 7,240 9,080 10,600 12,300 9 N ., R. 3 E., Brown County. 03-3720.00 North Fork Salt Creek near Belmont, Ind. Lat 6,000 9,500 11,700 14,700 17,000 19,000 39°09'00", long 85°20'14", in SW%NW% sec. 5, 5,660 8,770 10,900 13,700 16,400 18,900 T. 8 N., R. 2 E .. , Brown County. 03-3727.00 Clear Creek near Harrodsburg, Ind. Lat 39°02'03", 4,550 6,700 8,400 long 86°34'01", in NE%NW% sec. 19, T. 7 N., R.
3,460 5,340 6,650 8,430 9,970 11,600 1 W., Monroe County. 03-3730.00 Salt Creek near Peerless, Ind. Lat 38°56'36", long 11,700 17,400 20,700 24,300 27,500 30,000 86°30'36", in SE%NW% sec. 22, T. 6 N., R. 1 W., 6,620 9,690 11,800 14,700 17,100 19,600 Lawrence County. 03-3732.00 Indian Greek near Springsville, Ind. Lat 38°57'01", 4,260 5,600 6,300 long 86°40'30", in SE%SW% sec. 18, T. 6 N., 3,810 5,770 7,100 8,910 10,500 12,100 R. 2 W., Lawrence County. *03-3735.00 East Fork White River at Shoals, Ind. Lat 38° 38,000 55,000 68,000 86,000 104,000 122,000 40'02", long 86°47'32", in sec. 30, T. 3 N., R. 36,300 53,900 66,400 83,100 98,500 115,000 3 W., Martin County. *03-37 40.00 White River at Petersburg, Ind. Lat 38°30'39", long 70,000 103,000 127,000 157,000 172,000 208,000 87°17'22", in SE%SW% sec. 15, T. 1 N., R. 8 W., 67,700 98,500 118,000 146,000 167,000 19'3,000 Pike County. 03-3745.00 Patoka River near Ellsworth, Ind. Lat 38°26'39", 2,940 4,460 5,600 long 86°43'31", in SW%SE% sec. 10, T. 2 S., 5,650 9,080 11,400 14,700 17,700 20,700 R. 3 W ., Dubois County. 03-3755.00 Patoka River at Jasper, Ind. Lat 38°24'49", long 3,900 6,400 8,500 12,000 15,400 86°52'36", in NW:JA,SE% sec. 20, T. 1 S., R. 4 5,090 7,960 10,100 13,100 15,800 W., Dubois County. _ 03-3765.00 Patoka River near Princeton, Ind. Lat 38°23'30", 5,400 8,800 11,500 15,600 19,000 23,000 long 87°32'55", in Location 107, T. 1 S., R. 10 W., 8,350 12,600 15,700 20,200 24,200 R. 9 W., Lake County. 10,000 Ill Q) a.
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